New relations among the mixture direct correlation function integrals (or fluctuation integrals) in terms of concentration variables are developed. These relations indicate that, for example, for a binary mixture only one of the three direct correlation function integrals (or one of the three fluctuation integrals) is independent. Different closure expressions for mixture cross direct correlation function integrals are suggested and they are joined with the exact relations to calculate all the direct correlation function integi;-als and fluctuation integrals in a mixture.
INTRODUCTION
The knowledge about fluctuation integrals and their relations in mixtures is important in the development of mixture theories of complex molecules ; Matteoli and Lepori 1984) . 
(5)
These two equations constitute two independent expressions relating C11, C 22 and C 1 2 in a binary mixture. In p rinci p le E q .s (5) and (6), to g ether with another expression relating C1 2 to C11 and C 22 , can be used to solve for the three quantities C11, C 22 and C12• An Alternative Derivation: Consider a system which is described by the following set of independent variables {T, p 1 , p 2 , •.. , p,J, where Tis the absolute temperature, P; =N; /V, N i is the number of molecules i in the system, V is the system volume, and n is the number of com p onents in the mixture. In the g rand canonical 
where p.' stands for the set Pi, pz, ... , Pn variables excluding Py· I ½ j = J:;j(r)dr (8) and c;jCr) is the direct correlation function of species i and j. Using Eq. (7) exact relations can be derived among the direct correlation function integrals, C;j, by differentiating this equation with respect to p; and equating the mixed second derivatives of the chemical potentials . For example, for a binary mixture with T, Pt , p 2 as the independent variables one can write: (9) and (10) The above two equations are exact relating C 1 1, C 22 , and C 1 2 . In order to solve these equations for C 11 , C 22 , and C 1 2 one needs a closure relation among C 11 , C :n, and C 1 2 to solve for the three direct correlation function integrals. In the next section a number of closure expressions for C1 2 are considered and the direct correlation integrals are solved for the hard-sphere fluid mixture, the Lennard-Jones fluid mixture, and real mixtures consisting of simple and complex molecules.
CHOICE OF THE C1 2 CLOSURE
Simultaneous solution of Eq.s (5) and (6) for C 1 1, C 22 and C12 is not possible without another expression relating C1 2 to C11 and C 22 so that Similarly , simultaneous solution of Eq.s (9) and (10) for C 11 , C 22 and C 1 2 is not possible without another expression relating C 1 2 to C11 and C 22 so that C 1 2 = C 12 ( C 11, Cii; T , Pt , P2 , ... , p ,,) We choose to call Eq (11-1), or , the C12 closure. The exact C1 2 closure expression is not presently available. There exist variety of ways of assuming the closure for the direct correlation function integrals. With an appropriate choice for the functional form of the closure expression, Eq.s (5, 6, , or Eq.s (9, 10, , can be solved simultaneously for C1 1 , C 22 and C 12 • Then the fluctuation integrals G 11 , G 22 and G 12 can be derived from C11, C 22 and Ct 2 using the following equations (Pearson and Rushbrooke 1957; O'Connell 1971 O'Connell , 1981 .
Before making any assumption about the mathematical expression of the C;i closure it is helpful to study the behavior of certain known direct correlation function integrals.
The direct correlation functions for a mixture of hard-spheres have been obtained from the Percus-Yevick approximation (Lebowitz 1964) . The direct correlation function integrals were then calculated from Lebowitz's work (Hamad 1988) . It was found that for a binary mixture of hard-spheres C 1 2 always lies in between C 11 and C 22 . This suggests that C 1 2 can be approximated by some kind of an average of C1 1 andC 22
. Another source of information about the mathematical form of the Ci j closure is based on the fact that the virial expansion of the direct correlation function integral can be written in the following form (Hamad 1988) n n n
where B< 2 \, B< 3 \ k and B< 4 \ j kQ are the second, third and fourth virial coefficients, respectively. From this equation we can conclude, Limit C;i = -2 B < 2> ;jCT) as p ---> 0,
where B( 2 l ij(T) is the second virial coefficient of the pair i and j. At low densities the sign of C;i is opposite of that of the second virial coefficient, B < 2 > ij· It is well known that, while the second virial coefficient of hard-sphere fluids is always positive, the second virial coefficient of real fluids can be positive or negative depending on the temperature. This implies that C 11 , C 22 and C 12 of real mixtures can have positive or negative signs.
Considering the above facts we can assume C 1 2 is an average of C 11 , C 22 · Then, some of the possible expressions which may be chosen for Eq. (11) are as the following:
1) Arithmetic mean closure: By postulating that C 1 2 is an arithmetic mean of C 1 1 and C 22 one may write 
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Eq. (17) implies that the mixture under consideration is an ideal solution (Hamad 1988) . Instead of Eq. (17) one may write the following weighted arithmetic mean C 12 closure for non-ideal solutions 
Parameters a. 21 and a. 12 are adjustable interaction parameters which have to be determined for the interacting species under consideration. By joining Eq.s (16) and (18) and choosing a. 21 a.1 2 =1/4 (for the sake of simplicity) we can derive the following limiting expression for a. 21 with respect to the second virial coefficients.
As it is demonstrated by the choice of a. 21 a.1 2 =1/4 allows us to derive analytic expressions for chemical potentials of components in the mixture.
2) Geometric mean closure: This closure is suggested based on a relation among the contact values of the direct correlation functions in a mixture of one-dimensional hard-rods. It is shown that the contact <; i values are related by (Lebowitz 1964) 
where cri j is the distance of closest approach between centers of particles i and j, and cri r (cr ii +cr j y /2. For the direct correlation integrals of a mixture of hard-spheres a relation similar to Eq. (19) may be assumed 
In this equation C 1 2 is assumed to be the geometric mean of Cu and C22• For molecules other than hard-spheres Eq. (20) may be replaced with the following expression:
where 13 is an adjustable interaction parameter.
3) A combined arithmetic and geometric mean closure: In the above mentioned closures parameters a. 2 1 , a. 12 , and 13 are adjustable parameters. In order to make the closure more versatile (with more adjustable parameters) one may combine the - The test of the linearity of C 1 iC 11 versus C2'/C11 for water(!) + methanol(2) (circles) and water (1) + aminoethanol (2) (squares) binary mixtures. The Ci j data has been calculated from G; j values taken from Matteoli and Lepori (1984) . The curves represent the weighted arithmetic mean closure, Eq. (18). -
The maximum deviation for all studied systems is about 22%. This large error happens where the C ij goes to zero and crosses the horizontal axis. Since some of the data has uncertainties up to 30-40% , the present results demonstrate that the weighted arithmetic mean closure is a good closure approximation for real mixtures.
To avoid having to solve numerically the nonlinear partial differential equations, Eq.s (5 & 6) or (9 & 10), one can make use of the fact that for liquids at low to moderate pressures the direct correlation function integrals are week functions of pressure. Under this assumption, for example Eq.s (5) and (6) will give:
where v 1 and v 2 are the molar volumes of pure components 1 and 2, respectively. Comparisons of Eq.s (23) and (24) with Eq. (3) imply that the partial molar volumes are set equal to the pure component volumes at all concentrations. This is a result of assuming that C;i's are pressure-independent. This approximation, which is also made in lattice models of liquid mixtures, does not have a pronounced effect on the C;i's as will be seen later. Joining Eq.s (23) and ( 
and Kr 1 and Kr 2 are the isothermal compressibilities of the pure components 1 and 2, respectively. The direct correlation integrals, C;j's, in a binary mixture can now be solved for by combining Eq.s (18) , (26) and (27) with the following result:
185 209, 1990 W(a l 2 x l 2 + <X2 1 X1X2V1/V2 + <Xi 2 X1X2V2/V1 +<X21Xi 2 ) + <X 1rl + <Xi1X2 pC 1 2 Table 4 . , 1989 ). 
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where G i j ,ex is the experimental G ij and the summation runs over all the experimental points.
188
L. Lepori, et al. .7
Relations between and Estimations of Fluctuation Integrals and Direct Correlation Function Integrals
.8
,9 1 1 Figure 3 . The Variation of pCi j with composition for water (1) + methanol (2) and for water (1) + ethanol (2) at 25 °C. The points represent experimental pC1 2 (triangle), pC11 (square), and pC 22 (circle) as calculated from data reported by Matteoli and Lepori (1984) , , , Berti, et al. (1989) and . The solid curve <---) represents the pC 12 prediction by the present theory using weighted arithmetic-mean C 12 closure.
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Fluctuation Theory of Mixture, E. Matteoli and G.A. Mansoori (Ed's), Adv. Therm. 2, Taylor & Francis, pp.175-209, 1990 . Data obtained as reported in Matteoli and Lepori (1984) o taken from Brostow and Maynadier (1979) or Weast et al, (1989) .
For the systems water+alcohol, both <X 21 and <X 12 decrease with increasing the alcohol chain length, at the same temperature. The opposite trend is seen for the <X 21 and no trend for <X 12 of the TCM+alcohol systems. The parameter <X 21 and <X1 2 show monotonic variation with temperature for water+methanol, but not for water + ethanol.
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Fluctuation Theory of Mixture, E. Matteoli and G.A. Mansoori (Ed's), Adv. Therm. 2, Taylor & Francis, pp.175-209, 1990 C! 0----------------------------, ... .... (2) and for water (1) + methanol (2) at 25 °c. The points represent the experimental data (Matteoli and Lepori 1984; ): □, pG11, 181, pG11, and X, pG2z. The curves ( ----_ PGiv --pG 1 'u and ....... pGn) represent the predictions by the present theory using weighted arithmetic-mean C12 closure.
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